None of the authors of this manuscript has any financial or personal relationship with other people or organizations that could inappropriately influence their work. (Chen et al., 2006; Fukuda et al., 2004; Gupta et al., 1991; Hamill et al., 1996; Jow et al., 2004; Lin et al., 2004; Zhan et al., 2007) . Beauvericin biosynthesis is rapidly catalyzed by the beauvericin synthetase (BEAS), a multifunctional enzyme, through a nonribosomal, thiol-templated mechanism ( Fig. 1A ) (Kopp and Marahiel, 2007; Xu et al., 2008) .
Calmodulin (CaM) is a highly conserved small, acidic protein consisting of ~150 residues (Cyert, 2001; O'Day, 2003; Reddy et al., 2011) . Ca 2+ binding to CaM rapidly induces a conformational change which causes the interaction with its downstream target proteins. Although a large number of CaM-binding proteins are known in yeast, animals and plants, little is known about CaM downstream target proteins in filamentous fungi (Kim et al., 2015 (Kim et al., , 2016a (Kim et al., , 2016b . BEAS consists of a single polypeptide chain with a molecular mass of about 325 kDa. B. bassiana genome contains only a BEAS gene (BbBEAS). Our protein motif analyses (calmodulin target database (http:// calcium.uhnres.utoronto.ca/ctdb/pub_pages/search/ index.htm) and helical wheel projection (http:// rzlab.ucr.edu/scripts/wheel/wheel.cgi)) identified that BbBEAS has a putative CaM-binding motif in its C-terminal region (Figs. 1A and 1B) . Basically, CaM-binding motifs are known to be stretches of 16-35 residues which are typically formed by basic amphipathic a-helix (Cyert, 2001; O'Day, 2003; Reddy et al., 2011) . Helical wheel projection predicted that the putative CaM-binding domain of BbBEAS is likely restricted to amino acids 2472-2485 that form a typical basic amphipathic a-helix (Fig. 1B) . This motif appears to fit the Type B 1-8-14 motif for CaM binding, (FILVW)xxxxxx(FAILVW)xxxxx(FILVW) Beauveria bassiana is a genus of asexually-reproducing fungi, which are typically insect pathogens (Shah and Pell, 2003) . B. bassiana belongs to white entomopathogenic fungi and forms unicellular conidia. Beauvericin is a depsipeptide mycotoxin with various cellular effects such as insecticidal, antimicrobial, antiviral and cytotoxic activities belonging to the enniatin family (A) Overall mechanism of beauvericin biosynthesis and putative conserved domains of BbBEAS. (B) Helical wheel projection predicted a putative CaM-binding domain at the C-terminal region that represents a typical basic amphipathic a-helix. (C) Gel mobility shift assay showing that the BbBEAS peptide interacts with CaM. The synthetic BbBEAS peptide was provided by GL Biochem (http://www.glschina.com). Samples containing CaM (10 mM, Sigma-Aldrich) and the synthetic peptide (purity: >90%) were incubated for 1 h at room temperature in 100 mM Tris-HCl (pH 7.5) and 0.1 mM CaCl 2 , or 5 mM EGTA as described previously (Yang and Poovaiah, 2000) . (D) Peptide inhibition of CaM-stimulated PDE activity. PDE assays were performed using CaM-deficient PDE (abcam) as described previously (Kim et al., 2002) . Data points represent means of the results from three technical replicates (n = 3). (E) Alignment of the putative CaM-binding domains of fungal BEASs. Isaria fumosorosea BEAS (IfBEAS, OAA73278) and Fusarium venenatum BEAS (FvBEAS, AGC31490). (Rhoads and Friedberg, 1997) .
Beauvericin is a mycotoxin which has insecticidal, anti-microbial, anti-viral and anti-cancer activities. Beauvericin biosynthesis is rapidly catalyzed by the beauvericin synthetase (BEAS) in
A synthetic BbBEAS peptide with 30 residues corresponding to the putative CaM-binding region (amino acids 2464-2493) was incubated with CaM, and the complex formation was examined by nondenaturing PAGE in the presence or absence of Ca 2+ . The BbBEAS peptide is capable of forming a complex with CaM in the presence of Ca 2+ , but not in the absence of Ca 2+ (Fig. 1C) . In the absence of the peptide, a single CaM band appeared. As the peptide was added, a second slower mobility band appeared, indicating the peptide-CaM complex.
We further tested the binding of the BbBEAS peptide to CaM by competition assay using cyclic nucleotide phosphodiesterase (PDE), a CaM-dependent enzyme (Yuan et al., 1999) . To elucidate the K d value of the peptide for activation of PDE by CaM, the CaM-induced activation of PDE was measured either in the presence (100 nM) or absence of the peptide. The activation curve was moved to the right in the presence of the peptide (Fig. 1D) . The K d value of the peptide for activation of PDE by CaM was measured to be 40.0 nM (Fig. 1D) . Multiple sequence alignment revealed that the putative CaM-binding motifs of fungal BEASs are highly conserved (Fig. 1E) . Therefore, CaM-binding to BEASs might be a common feature in fungi.
Our initial attempt to amplify the full length BbBEAS cDNA (8,898 bp) was unsuccessful. Alternatively, we amplified the partial BbBEAS cDNA encoding the BbBEAS (amino acids 2421-2538). Recombinant Histagged BbBEAS (2421-2538), which contains the CaMbinding motif, was produced in Escherichia coli BL21(DE3) cells, and then subjected to the CaMSepharose pull-down assay. The result revealed that HisBbBEAS (2421-2538) strongly binds to CaM in the presence of Ca 2+ (Fig. 2) . Therefore, our results suggest that BbBEAS is a novel CaM-binding protein.
Ca 2+ plays an important role as a secondary messenger that triggers downstream signaling pathways in eukaryotic cells (Cyert, 2001; O'Day, 2003; Reddy et al., 2011) . Ca 2+ signals are partially decoded by CaM. CaM binds to, and regulates, a large number of downstream target proteins in eukaryotic cells (Cyert, 2001; O'Day, 2003; Reddy et al., 2011) . B. bassiana 2-ketoisovalerate reductase, another key enzyme for beauvericin biosynthesis, is highly regulated by CaM (Kim et al., 2016b) . BbBEAS also appears to have a role in associating CaM-mediated signaling with the beauvericin biosynthesis by directly interacting with CaM in B. bassiana. At present, the exact role of CaM binding to BbBEAS is not known in B. bassiana. As CaM is generally known to induce conformational changes of many proteins through direct interaction (Cyert, 2001; O'Day, 2003; Reddy et al., 2011) , CaM binding to BbBEAS may also induce the conformational change of interacted proteins, which affect its enzyme activity of B. bassiana.
